(U) Fig. 2 -SH-3D helicopter in hover pattern dipping ASW sonobuoy EXPERIMENTAL OBSERVATIONS
Line-of-Sight Detection Results
(0) In May of 1970, NRL requested the Patuxent River Naval Air Station to fly an SH-3D in the view of the MADRE radar at the Chesapeake Bay Division of NRL (NRL/ CBD) in order that a reference line-of-sight measurement might be made of radar cross sections of the fuselage and rotor blades. A description of the doppler behavior of the blade echo was also obtained; this description is discussed later.
(0) The SH-3D was flown at an altitude of 9,500 ft from NRL/CBD on a bearing of 71 0 T to Sea Isle City, N.J.; the return flight was over the same path at an altitude of 10,500 ft. Even though the flight was conducted in an area of moderately high aircraft density, detection of the fuselage and first-order main-rotor echoes was achieved from approximately 20 naut mi in range to the position over Sea Isle City on outbound and inbound flights. The helicopter flight path traversed vertical angles at the radar of from 50 to less than 10. This permitted adequate illumination with the MADRE phased-array antenna.
(i
Operation was at a frequency of 15.532 MHz at a 2.3-MW level and a 90-Hz pulserepetition frequency. Coherent processing was set up in an offset mode, with 22. 5 Hz being used as the offset frequency. This choice partitioned the 45-Hz available doppler range into two sections, one for approach targets and one for recede targets, up to a maximum unambiguous doppler of 22. 5 Hz for each section. For the anticipated flight velocity, the 22.5-Hz offset would permit both of the first-order components, due to the rotor-blade echoes, to lie within the unambiguous doppler extent.
(#
The SH-3D helicopter has five blades on its main rotor as well as on its tail rotor (or rudder rotor). The main rotor turns at an approximate constant speed of 203 rpm. The rudder rotor rotates at 4.92 X 203 rpm, or approximately 1000 rpm. The combination of main-rotor speed and the number of main-rotor blades results in an optimum echoing cross section 16.9 times each second. Thus it is expected that the main-rotor modulations detected would be spaced 16.9 Hz on either side of the helicopter-fuselage echo. For the radar operating frequency and expected speed of 100 knots, the resultant fuselage doppler would be approximately 4.5 Hz, which when added to 16.9 Hz rotor modulation frequency results in a doppler of 21.4 Hz. Both the fuselage and rotor modulation dopplers are within the ±22.5-Hz unambiguous range. Figure 4 is the doppler-vs-range readout for 1945 GMT. The earth echo and spurious signals are as indicated. Of note is the target which is under the range and doppler strobes and which is the echo from the fuselage of the SH-3D. The helicopter at this time is on its inbound leg to the NRL radar site from Sea Isle City. The targets which are weaker in appearance, almost at the approach and recede doppler display limits, are the corresponding rotor sidebands. The separation between the fuselage and the two sidebands is the nominal 16.9 Hz. Other targets in view are local aircraft. Figure 5 is quite similar to Fig. 4 , except for a range change in the helicopter. The helicopter is 10 naut mi nearer than in Fig. 4 . The range and doppler strobes intersect the helicopter-fuselage echo. The approach and recede sidebands can again be seen at the upper and lower ends of the range strobe line. As evidenced in Fig. 4 , local aircraft are still under illumination. (Q Figures 6 and 7 are amplitude-vs-doppler readouts that permit a rather fine-grain analysis of the helicopter sidebands, especially their appearance in the doppler field and their relative amplitude in dB. Figure 6 shows the spectral occupants at the approximate range (36 naut mi) of the helicopter for the time 2001 GMT. Centered approximately in the display is the echo due to stationary or near-stationary scattering from the earth's surface as propagated by surface wave and skywave. The various spectral elements in the range sample are as identified. As mentioned earlier, the helicopter traversed rather populous air space. In view in Fig. 6 , in addition to the helicopter signature, are four local aircraft, with two on the recede side at -18 dB and two on the approach side, with one at -2 dB and the other at approximately -30 dB. The helicopter fuselage exhibits a 0-dB amplitude which yields an apparent HF cross section of 84 m 2 . The first-order rotor-blade modulations are as indicated, with corresponding amplitudes of -20 and -18 dB. Second-order effects, though expected, are not in appearance in this record. The earth echo as propagated by surface wave and skywave is seen centered on a doppler frequency of 0.0 Hz. Local aircraft are again identified, with two on the recede side and one on the approach side. The helicopter sidebands are in view at points near the ends of the doppler scales. The fuselage-echo amplitude is approximately at 0 dB. The approach-rotor sideband is at -20 dB, and the recede sideband is at -18 dB.
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(9) For the data available at this reporting and that taken for the case of the approaching helicopter, the recede-rotor modulation component generally appears to be, on the average, 3 dB larger than the approach-rotor modulation component. This estimate has been deduced from the data in Table 1 .
(6 That the rotor sidebands could show small differences in apparent echoing cross section could be due to phase modulation of the echoing energy, as generated by the interaction of the rotating blade system and the helicopter fuselage.* An area for fruitful theoretical investigation seems indicated. With a proper understanding of the echoing mechanism for radar energy scattered from a helicopter, it is likely that signatures detected could yield helicopter identification. (N) (D) The MADRE radar was deployed on this occasion to determine the feasibility of OTH sensing for the purpose of fleet air defense. For the purposes of this exercise, the U.S.S. Wasp HUK group was separated into two smaller groups 70 naut mi apart, each group consisting of three destroyers, with the U.S.S. Wasp attached to one of these. Multiple mock raids were detected as implemented with U.S.S. Wasp aircraft on flights between the two ship groups. Position reports for the raiding aircraft were passed in real time to the ship under impending "attack." An SH-3D helicopter was used during the exercise to flag the position of the three-destroyer group in the event that this group would not be directly detected. As it materialized, both ship groups engaged in the exercise were held in continuous detection. The helicopter was also detected and tracked in transit between the two ship groups. The range extent is from 400 to 1000 naut mi. The total doppler extent is 40 Hz (for an 80-pps pulse rate), which is divided into two sections, one 20 Hz above the radar operating frequency and the other from the carrier to 20 Hz below the radar operating frequency. The band of signal energy centered on 0.0-Hz doppler is due to the earth echo. Wider doppler signal structures out to 600 naut mi and from approximately 900 to 1000 naut mi are due primarily to transitory meteor echoes. Of particular note is the video signal at the intersection of the range and doppler strobe (this strobe is the second horizontal line below the earth echo). The signal so marked is the echo from the SH-3D helicopter fuselage on an outbound flight path between the two ship groups. The recede-rotor component is in view on the range strobe near the bottom of the record. The helicopter at this time is at a range of 868 naut mi. There are two weaker signals on the approach side of the carrier that seem to be centered on the range strobe, the higher of which coincides with the expected position of the approach-rotor sideband. One would be more confident with a better signal-to-noise ratio. There appear to be four other aircraft in the neighborhood of the helicopter, two approaching and two receding. 
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helicopter doppler components, including fuselage and rotor modulations, which may be caused by a change in the helicopter radial velocity or by an alteration in rotor rotation rate.
() Also in view in Fig. 9 is an exercise aircraft which alters its course from receding to approaching at the approximate midpoint of the record. The identification is unconfirmed, but it is thought to be the ElB aircraft that monitored the exercise.
(f) U.S.S. Independence Surveillance Exercise of September 1971 ()
During September 1971 NRL engaged in surveillance of the U.S.S. Independence as she transited to the eastern Atlantic area (EASTLANT). Observations were made during the period 19-24 September. During this passage the U.S.S. Independence deployed the SH-3D helicopter as a plane guard during air operations and at other times on a noninterference basis as a target of opportunity for MADRE system detection, tracking, and characterization.
(Q From the analysis that has been completed of the U.S.S. Independence surveillance exercise, it has been determined that the SH-3D was detected on several occasions during the six-day exercise. One such detection will be noted here. (0 Figure 10 is a doppler-vs-range display for the SH-3D helicopter detection at 2076 naut mi. The echo from the helicopter fuselage and rotor echoes, both first and second order, appear centered on the range strobe. The component below the fuselage is the first-order recede echo due to the rotor-blade echo; the echo in "collision" with an aircraft near the top of the range strobe is the first-order approach component. The two weaker components identified as rotor echoes are second-order responses. The element at approximately 16 Hz is due to the second-order approach echo; the component at 24 Hz is the second-order recede echo. It is obvious from the range coincidence of the multiple scatterers associated with the helicopter that they, together with the fuselage, provide adequate identification and discernibility to permit "flagging" the location of an otherwise undetected surface unit. GMT. The range sample point is set at 2070 naut mi, the approximate midpoint of travel of the helicopter during the record time frame. The fuselage doppler track (just below 10 Hz) can be seen skirting over the low doppler clutter, which unfortunately masks the first-order recede component. The other components may be seen intermittently through most of the record. Simultaneous fading on the three blade components available is evident. The 0-dB reference level for Fig. 13 was a 10-IMV peak-to-peak calibration signal, which corresponds to a target of 6.84 x 103 m 2 at this range. Table 2 lists the amplitudes for each of the spectral components of the SH-3D signature during the time interval of the nearly 7-min record of Fig. 12 . The blanks in the table are times for which the given component was not available due to either obscuration by clutter at the first-order recede frequency or to confusion with the commercial aircraft target at the first-order approach frequency. The second-order approach component, being the weakest component, was on a few occasions below the minimum detectable signal level of the system. During the time period 1706:10 to 1706:40, there seemed to be general outage of rotor modulation components. The fuselage echo during the same time period remained detectable with changing doppler frequency. It is speculated that various helicopter maneuvers might influence the magnitude of the radar cross section of the rotor modulation components, both of the first and second order, with the latter being more sensitive to platform orientation to the incident radar signal.
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(& There also was a scarcity of helicopter-signature components during the time interval 1707:30 to 1707:50. Even though a spectral component was not extracted for the fuselage, the doppler-vs-time record of Fig. 12 indicates it is present but often masked by lowdoppler clutter signals. Again it looks as if the rotor modulations have disappeared and the fuselage signal is moderately available. The weak second-order effects are, indeed, very sensitive to general fading. It is conceivable that the fuselage could be detectable without the second-order effects.
(0) For the valid data points of (0) The LOS results above showed item 1 above for the LOS case to be +10 dB or more, items 2 and 3 being about +3 dB for the LOS case. Other comments will be made about this later in the discussion section.
(0) Figure 14 is a doppler-vs-range display record for the time 1711:05. In evidence are several aircraft above 25-Hz doppler at various ranges from 1536 to 2187 naut mi. Of particular significance is the "paired" echo centered on the range strobe at 2079 naut mi. The doppler strobe is aligned with the lower of the two video signals. These two signals are centered in doppler on 16.9 Hz, the blade rotation rate of the SH-3D helicopter. The split in the two signals represents a radial velocity imparted to the helicopter either by its own motion (nearly broadside) or by that of the U.S.S. Independence, if the helicopter had already landed. Other evidence indicates that the helicopter had not landed but that it was in an approach-to-land pattern and on a nearly tangential (broadside) path to the radar. Even though the fuselage echo at nearly 0 doppler is obscured by earth clutter, the first-order sidebands are clearly discernible. If the helicopter's motion had been precisely tangential to the radar beam direction, the split rotor signal would have collapsed to one video signal centered on 16.9 Hz. #~ The unique signal echoes received from the SH-3D) prompt the suggestion that the helicopter (or some other set of rotating blades) could turn up on the flight deck and scatter back to the radar a singular 16.9-Hz component or a split echo (centered on 16.9 Hz) whose magnitude of split would convey the ship's radial velocity. The helicopter could be very useful indeed in 0TH ship finding. Figure 15 shows the expected doppler behavior of the fundamental (first order) and second harmonic (second order) of the SH-3D) rotor modulations as a function of platform Those components that increase sideband frequency as they depart the left axis (zero radial velocity) are the approach components, whereas those that decrease sideband frequency immediately as they move to the right of the zero-velocity axis are the recede components. It is noted that the second-order approach component becomes ambiguous at approximately 4 Hz on the abscissa.
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The radar data points are indicated by triangles; these are grouped between 9 and 10 Hz on the abscissa and at a single point at a fraction of 1 Hz. For the helicopter doppler variation (due to radial velocity) between 9.4 Hz and 9.8 Hz, it can be seen that all components lie very close to the various expected values and that the sense of change in doppler of a sideband frequency is in the proper direction for changes in helicopter radial velocity.
DISCUSSION
(0 That a fleet-deployed helicopter could be used as a range discriminant for the purposes of locating surface units, otherwise obscured by clutter, has been determined feasible on the basis of this report. Observations have confirmed the expected spectral behavior of the SH-3D main-rotor-blade echoes. The SH-3D has proved to be very visible at 0TH ranges. Its unique signature, embodying the rotor doppler components, has permitted its differential separation from other aircraft.
(0) The relative amplitudes of the various spectral components appear to be ordered in a particular fashion, depending on whether the rotating blade structure is approaching the radar or receding. This is perhaps due to positional modification in the phase center of the echoing structure. The increase in second-order components in the case of the refracted observations may be due to polarization or angle-of-arrival effects. Other investigations should yield a more definitive dependence. (U) In the listing of the appendix, the word "target" means that a given ship or class of ships was observed to have a target (landing area for helicopters) amidship or at the stern, but no further information was available as to the particular helicopter type assigned to that ship or class of ships. 
